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Abstract 

The theory of weak localization is generalized for multilevel 2D systems taking 
into account intersubband scattering. It is shown that weak intersubband 
scattering which is negligible in a classical transport, affects strongly the weak- 
localization correction to conductivity. The anomalous magnetoresistance is 
calculated in the whole range of classically low magnetic fields. This correction 
to conductivity is shown to depend strongly on the ratios of occupied level 
concentrations. It is demonstrated that at relatively low population of the 
excited subband, it is necessary to use the present theory because the high- 
field limit asimptotics is shown to be achieved only in classical magnetic fields. 
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I. INTRODUCTION 



Weak localization phenomenon is an interference of waves propagating along the same 
paths in opposite directions. Phase and spin relaxation processes or magnetic field destroy 
the interference and therefore can make observable the weak localization effect. The most 
remarkable manifestation of the phenomenon is the anomalous behavior of resistance in 
classically weak magnetic fields. This effect takes place when the magnetic length, lg, is 
simultaneously comparable to characteristic kinetic lengths. 

In very low magnetic fields, when the mean free path, /, is much less than Ib the coherence 
is lost at long trajectories. This is so-called diffusion regime of weak localization, and the 
corresponding characteristic size is the dephasing length, I 9 . In higher fields, when Ib ~ /, 
the short trajectories passing through several scatterers contribute to weak localization. This 
regime is called non- diffusion. 

The anomalous magnetoresistance was widely investigated both theoretically and exper- 
imentally in bulk semiconductors and metals, thin films and ultra-quantum two-dimensional 
(2D) structures. A comparison of theory and experimental data allowed to determine the 
kinetic parameters as times and lengths of elastic relaxation and dephasing.0 

Recently magnetotransport has been investigated in more complicated systems which 
are between 3D and 2D ones. The weak localization experiments were performed on 2D 
multivalley semiconductorsil, quantum wells with two or several occupied levels of size 
quantization, H doped <5-layers,i and on tunnel-coupled quantum wells.l In these quasi- 
two-dimensional (quasi-2D) systems, the intersubband scattering takes place. It leads to 
effective averaging of the kinetic parameters corresponding to different levels, and therefore 
affects a magnitude and behavior of magnetotransport characteristics]! Quasi-2D systems 
are very attractive objects for study of weak localization because even rare intersubband 
transitions affect it strongly. Usually the scattering time for transition between a th and 
(3 th subbands, r a/ g (a 7^ /3), exceeds enough the total momentum relaxation times in sub- 
bands, T a , therefore an influence of intersubband scattering on classical magnetotransport 
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is insignificant. In opposite, the dependence of weak-localization correction to conductivity 
on magnetic field, Aa(B), is determined by the dephasing time t£ exceeding r a . There- 
fore at T a f3 long with respect to r a but comparable to t£, intersubband scattering affects 
weak-localization correction strongly. 

To describe the experimental data, one needs the weak-localization theory taking into 
account the intersubband scattering for the whole range of classicaly low magnetic fields. 
However the theory was developed only for simple systems with one populated level.i The 
intersubband scattering was considered only in the diffusion regime .0^0 

The aim of the present paper is to develop the theory of weak localization in quasi- 
2D systems for the whole range of classically low magnetic fields. It is the theory that is 
necessary for quantitative determining of kinetic parameters of structures by comparison 
with experimental data. 

The paper is organized as follows. In Section we derive the expressions for the weak- 
localization correction to the conductivity. Section |TTT| is devoted to the detailed analysis of 
two occupied subband system. The main results are given briefly in Conclusion. 



Since intersubband scattering is accompanied by large transfer of the momentum, it is 
caused mainly by the short-range part of the potential. Therefore to attract attention to 
effect of the intersubband transitions, the scattering is assumed to be from short-range po- 
tential, e.g. impurities. The main weak-localization corrections to the conductivity appear 
in the first order in the parameter (kpl)^ 1 , where kp is the Fermi wavevector. The corre- 
sponding diagrams for the corrections are presented in Fig. |Ij. The dashed lines conform to 
the correlation function of the total potential V(p,z), where p = (x,y) are the coordinates 
in the 2D plane and z is the perpendicular direction. Providing ^-scattering, this correlator 
has the form 



II. THEORY 




(1) 
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Here the averaging is performed over the impurity positions, f(z) is the function of scatterer 
distribution, and W is the factor dependent on intensity and concentration of scatterers. 
The solid lines in the diagrams describe the Green functions of the quasi-2D electron gas in 
an external magnetic field. We assume the condition of a "good conductor" to be fulfilled 
for all subbands 

l^aTa/h > 1 , (2) 

and the energy distances between subbands are large 

\Ha - A*/9| > h/ T a ■ (3) 

Here \i a is the chemical potential counted from the bottom of the a th subband, and r a is 
the momentum relaxation time of carriers in the subband, 

l/r a = £ I/rap , (4) 

P 

where r a p = Tp a is the scattering time between the a th and (3 th subbands, and summation 
is performed over all occupied levels of size quantization. Since T a p arises due to scattering 
from impurities, it is defined by the following relation 

l/r aP = ^-N F W J f{z)u 2 a (z)u%z)dz , (5) 

where Np —mj {2nh 2 ) is the density of states at Fermi level with a fixed spin, and m is the 
electron effective mass in the 2D plane. 

The advanced and retarded Green functions are diagonal in subband indices under con- 
ditions (0), 

G A > R (p, z, p', z') = £ Gi> R (p, p')u a (z)u a (z') , 

a 

a k y V* - ^c{N + 1/2) ± ih/2r a ± thjlrl ' 1 ; 

Here ipNk y (p)u a (z) is the electron wave function in the heterostructure in the Landau gauge 
with the vector potential directed along the y axis, iV and k y are the number of the Lan- 
dau level and the value of the in-plane wavevector, u c is the cyclotron frequency, and the 
dephasing time (t% ^> r a ) describes inelastic scattering. 



In a classically weak magnetic field, when oj c r a -C 1, the field dependence appears only 
in the phase of the Green functions, similarly to the case of one subband occupation: 



G£ R (P, P') = exp [<$(p, p')] GT' R {P ~ P') 



(7) 



The phase factor is given by 



$(P,P') 



(y' - y)(x' + x) 



21% 



(8) 



and G^ A ' R are the Green functions in zero mangetic field 



-2N F K 



±ik a \p — p' 



\P- P 

2L 



La , 



(9) 



where Ib = \J%c/\e\B is the magnetic length, with e < and B being the electron charge 
and magnetic field, Kq is the McDonald function, k Q , l a = hk a T a /m and = hk a r^/m 
are the Fermi wavevector, the mean free path and the dephasing length in the a th subband, 
respectively. 

Figs. |l]a-d show all types of diagrams contributing to the anomalous magnetoconductivity. 
The similar diagrams with two scattering lines are depicted in Fig. |l|e. 

The latter are special. In the papersSlllthey were calculated incorrect way and therefore 
a non-physical divergence was obtained. It was noted in Ref. |9| that two-impurity line 
diagrams correspond to non-self-crossing trajectories which have zero magnetic flux passing 
through them and, hence, a field does not change this correction to the conductivity, Ao"2. 
In Ref. [19| the contribution was investigated in more detail. It was shown formally that A<T2 
is independent of magnetic field and its value has an order of e 2 /h. However the calculation 



of A(T2 was not performed. It was claimed in Ref. |20] that Ao"2 = 0, however the proof of 
this statement was absent. 

Thus, Ao"2 i) has never been calculated and ii) it was claimed without proof that Ao"2 = 0. 
Below we calculate this contribution and show that it is not equal to zero. 
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A. Contribution from the diagrams with two scattering lines 

The expression for the conductivity correction from the diagrams with two scattering 
lines (Fig. |I|e) has the form 

n 

jj R ( Pl , p 2 )G> 1 , p 2 )Gf (p 2 , Pl ) + J AR ( Pl , p 2 )G R ( Pl , P2 )G?(p 2 , Pl )] • (10) 



Aa 2 = - £ WJm 



d Pl d P2 J^( P2 , Pl )- J AR (p 2 , Pl )G A ( Pl , p 2 )G R ( Pl , p 2 )+ 



Here the spin degeneracy has been taken into account, 



W a/ 3 7<5 = W / f{z)u a {z)up{z)u 1 {z)u & {z)dz 



(11) 



and the current vertex is defined as 



J RA (p,p') = / d Pl G R (p, Pl ) J( Pl ) ( Pl , P ') 



(12) 

where «J is the electric current operator. In classically low magnetic fields, the vertices have 
the form 



J RA (p, p') = J AR (p, p') = exp [,'*(p, P ')] ^ 0) (P " p') 
where is the current vertex in zero magnetic field 



(13) 



Jl 0) . 



p-p 



m 



Gi 0)i? (p-P')-G^(p- P ') 



(14) 



One can see, the conductivity correction Aa 2 is independent of magnetic field, because 
the current vertices in (TO), J a (p2, Pi), contain the phase factor which is complex conjugated 
to that contained in G p(pi, P2 ) • 

Taking into account (0), @, dl3|) , fli~4T) and providing the limits k a l a — > oo, — >■ oo, 
we obtain the contribution of the diagrams with two impurity lines 



xk a kp / dpp [K x (ik a p) + K l (-ik a p)] [K x {ikpp) + K 1 (-ikpp)] 



x [K Q {ik 7 p) K (-ik s p) - K (ik 7 p) K (ik 5 p) - K {-ik^p) K (-ik s p)] . (15) 



The asymptotic expansions for Kq and K\ at large arguments have not to be used for 
calculation of Acr 2 , otherwise the integrand tends to infinity at p —>■ 0. It is the mistake that 
was done in Refs. |T7j , [T8 . 



Eq. ( |i5|) shows that the diagrams with two impurity lines give rise to non-zero contri- 
bution to the conductivity contrary to the notice in Ref. For the case of one occupied 
subband, we obtain (see Appendix) 

e 2 

Acx 2 = -In 2. (16) 

7i 2 n 



B. Magnetoconductivity calculation 

Now, we consider the weak-localization corrections which do contribute to the anomalous 
magnetoresistance. The corresponding diagrams are presented in Fig. [I]a-d. One can show 
the terms c) and d) cancel out each other similarly to the case of one occupied subband. 
Thus the field-sensitive conductivity correction has the form 

Aa = Aa {a) + Aa (b) , (17) 
A ^ (a) = ^E/ d Pi d P2 Ja A (P2,Pi) ■ ^(p 2 ,Pi) Ci 3 j(Pi,P 2 ) , (18) 

= -E/ d Pl dp 2 d P3 [j^(p3,Pl)^/(Pl.P2)Cg(p 2 ,P3)^(p 1 ,p 2 )G^(p 3 ,Pl) 

+ J^(p 1 ,p 2 )J^(p3,Pi)Cg( /02 , /0 3)G«(p 3 ,Pi)Gf(p 1 ,p 2 )] Wccpp , (19) 

where J xa is the x-projection of the vector J a , and the Cooperons and are the sums 
of the fan internal parts of the corresponding diagrams starting with two and three lines, 
respectively. In general, these parts depend on four subband indices. However one can show 
the Cooperons are diagonal in the pairs of indices due to the relations ([|), @ similarly to 
the Green functions (see Eq. |[). 

The Cooperons C (2) and C (3) can be found from the following systems of equations 
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+ 



27TiV F 

h 

2ttNp 
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cg(p, p') = cg(p p') - ^ E «W,»W 7 P 7 (ft p') 



(20) 



where 



*a(P, Pi' 



-G>,p 1 )G^(pp 1 ). 



(21) 



1ltNpT a 

In order to solve the systems (|20|), we expand the kernel of the integral operator, 
P a {Pi Pi)> in series of the 2D wave functions of a particle with the mass m and the charge 2e 
under a perpendicular magnetic field in the Landau gauge, XNk y (p)- In this basis, P a (p, pi) 
is diagonal :iS 



PaiP,Pl) = E Pa(N) X Nk v (p)X*NkM) ■ 



(22) 



From Eqs. (|20| ) it follows that C£g(p, pi) and C^g(p, pi) are also diagonal in this basis: 



(3), 



c { :f(p, P i) 



Y,^\N)xNk v {p)XNkM) ■ 



2ixN t 



F Nk v 



(23) 



The asymptoticses for the Green functions and the current vertex at long distances, 
\p — p'\k a ^> 1, can be used for calculation of the diagrams with three or more dashed lines. 
The corresponding expressions are 



G (P)A,R { 



P-P' 



-N* 



2tt 



k a \p- p 



-exp 



- 71 " i /: P-P 
=p— =p ik a \p — p — 



(24) 



^i 0) (P " P') « <|«a K°^(P - p') + Gf(p - p') 



p-p 
lp-p' 



Thus, the coefficients for the expansion of the kernel are given by 



Pa(N) 



<Ar exp 



x- ( 1 + ^ 



X 

Y 



Ltv(x 2 ) , 



(25) 



(26) 



where are the Laguerre polinomials. The values C^ 2 \N) and C^\N) are defined by the 
following systems of linear equations 



S 



E (Sen ~ ^P-rW) C$(N) = E^i-V) 

7 V Tq 7 / 7 



, . _ 7V 

<y ^07 T7/3 



4? W = 4? W - E • (27) 

■y 'ay 7/3 

Neglecting the rapidly oscillating terms G R G R and G A G A and taking into accout the ex- 
pansions fl22|), (|23|) , we obtain 

2 72 00 

^ {a) = -4tE #^ E ^« W C£(JV) • (28) 

P — P 

Expanding the expression P a (p,p )- - in series of the functions XNk y (p), one can also 

\p-P\ 

find 

A^ (6) = 4 E 7T ~ E [cS(iV) + C g(JV + 1)] , (29) 

where 



00 

/ 1 /" 
Qa(N) = . / dxxexp 



ia \ la J 2 



L^x 2 ) . (30) 



with L N being the associated Laguerre polinomials. 

Eqs. fl2"B| , |2"9"|) describe the weak-localization correction to conductivity, Act, in the whole 
range of classically- weak fields, oj c t -C 1, when Ib may be both larger and smaller than l a . 
Now we consider the limiting cases. 

In the zero-field limit, the large number of terms, up to N ~ {Ib/Io) 2 -, is essential in the 
sums ( p8j[29"l) . Therefore to provide the calculation of Acr(0), the summation over N should 
be replaced by integration with the following zero-field asymptoticses 

P(JV)« I Q(N)K l - {l + Lll « )P « {N) 

^(1 + ^/1^ + 4^1^)^ ^ 2VNla/lB 

In low fields, 



Ib ~ \jUt > L , (31) 

the so-called diffusion approximation is valid. The interference is destroyed at long tra- 
jectories, where particles experience many scattering events and, hence, their motion is a 



diffusion. In the frame of the approach, one can calculate the difference between quantum 
corrections in finite and zero fields Aa(B) — Aer(O). To obtain the expression, the Cooper- 
ons determined from the system ( p7j) should be sought in the form of diffusion poles.^ The 
difference Aa(B) — Acr(O) due to the diagrams b) in Fig. [1] are small in fields ([H]), and 
therefore the correction behavior is defined by the low-field asymptotics of Aa^ only. The 
value of the conductivity correction in zero field itself, Acr(O), calculated with the diffusion 
approach is correct at In (t^/tq,) ^> 1 that is not realized practically. 

In the particular case of two occupied subband system, the diffusion approximation yields 
the following magnetoconductivity correction 



Aa{B) - Ao-(O) 



2n 2 h 



11, 



+ / 2 



T 



(32) 



where fi{x) = lnx + ^(1/2 + l/x), and ip(y) is the digamma-f unction. The lengths l\ j2 are 
given byffl 

4/i/ 2 



I 2 

'l,2 



ll ti l 2 t 2 



+ 4 



T\T 2 
T 2 



where the corresponding times are 



1 

th2 



1 1 
+ — 



In the high-field limit, Ib *C I a, the weak- localization corrections to the conductivity 
have the following asymptoticses 

hi 



Aa {a) 



ir 2 h 



_./3_. V, 



B TaTfjTry 



af3~( 

where the constants A^ and are given by 



T- 



(33) 



-fa 



A (.) = ^ 



N=0 



A (6) = E 



N=0 



J dxexp ^— — ^Lat(x^ 

J dxxexp ^-y^Ljv(a; 2 ) J dxexp (^~y) ' + 2 LjV+1 ^ y 



(34) 



0.94. 
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III. RESULTS AND DISCUSSION 



In this section, we consider the system with two size-quantized levels in detail. To make 
the consideration closer to experimental applications, each subband will be described with 
the concentration of carriers n a = k^/2ir. 

In Fig. [2] the solid curves present the dependence of weak-localization correction to the 
conductivity, Ac, on magnetic field at various intersubband scattering rates and different 
level occupations. We assume here that the total relaxation times in the subbands coincide, 
Ti = r 2 , and the dephasing times are also identical and equal to IOti. Fig. |2|a shows the 
case of frequent intersubband transitions, Ti 2 ~ t\ <C rf . Fig. |b corresponds to relatively 
rare transitions when the intersubband scattering time is comparable to that of dephasing, 
r i2 ~ Ti T\. Fig. 0c depicts the case of isolated levels, r 12 ^> n, rf . 

In the presence of intensive intersubband scattering (Fig. §a), the magnitude of the weak- 
localization conductivity correction depends strongly on the excited level occupation in the 
whole range of magnetic fields. In the opposite case of the relatively weak intersubband 
scattering, when ti 2 3> T\ (Figs. 0b, 0c), Act is practically independent of n 2 /ni in zero 
field. The dependence appears in finite fields only, when the magnetic length is comparable 
with the mean free paths. The reason is the influence of subband concentration on the mean 
free path which determines the scale of the changing of the weak-localization correction in 
magnetic field but the value of Aa at B = 0. 

If intersubband scattering is weak enough (Figs. 0b,§c), its role is restricted to addi- 
tional dephasing. Therefore the difference between the curves presented in Figs. 03,0c and 
corresponded to the same ratio n 2 /ni appears in low fields rather. 

The changes of the weak-localization correction in magnetic field, Aa(B) — Acr(0), calcu- 
lated in the frame of diffusion approximation with Eq. fl3~2|) are presented in Fig. with the 
dashed curves. This theory is seen to give the reduced absolute value of Aa in intermediate 
fields so that l B < \[W (see Eq. ([31])). 

The dotted curves in Fig. Q present the high-field limit (Ib h.h) dependences of 
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the anomalous magnetoconductivity (|33|). If the subband concentrations are comparable 
(n 2 /rii = 0.5 in Fig. |2|), l-y ~ Z 2) then the weak-localization correction reaches its asymptotic 
behavior in the range of classically weak magnetic fields. In the opposite case, 1% <C h, the 
asymptotics of Act corresponding to the excited subband takes place at so high fields that 
the magnetoconductivity of the ground subband is likely to be of classical nature. 

Thus, Fig. |2| shows clearly that the anomalous magneticonductivity in the whole magnetic 
field range should be described with the exact expressions (^|,^) particularly in the case of 
relatively small excited subband occupation. 

Fig. |H presents the dependence of the quantum conductivity correction in zero magnetic 
field, Acx(0), on the ratio of the subband concentrations. In the absence of intersubband 

scattering (solid curve), Acr(0) is not affected by the ratio n 2 /n 1 because the correction 

e 2 

Acr( a )(0) + Acr^(0) of any independent 2D level is universal and equals to — - — In 
If intersubband transitions take place then Acr(0) does depend on n 2 jn\. However at weak 
scattering, t\% T\ (dashed curve), the dependence is insignificant. The effect of intersub- 
band scattering is the decreasing of the absolute value, |Aa(0)|, with respect to the isolated 
level case. Since weak intersubband scattering acts as an additional dephasing, the effective 
dephasing time becomes shorter and therefore |Ac(0)| decreases. At intensive scattering, 
r i2 ~ r i (dotted curve), the magnitude of the conductivity correction changes in several 
times in the shown range of the concentration ratio. 

Moreover, one can say that the increasing of the intersubband scattering intensity causes 
the transition from two-level into one-level system. Indeed, in the absence of intersubband 
scattering, two independent levels exist. In the case of intensive intersubband scattering, 
r u ~ T \i the level division does not take place. There is only one subband effectively with 
the averaged kinetic parameters. Since the total and dephasing subband times are chosen to 
be identical respectively, T\ = r 2 , rf = t 2 , the average parameters of the 'effective subband' 
coincide with those of separate subbands at the same level occupations, n\ = n 2 . The 
one-level weak-localization correction to conductivity is universal and independent of the 
level occupation. Therefore at % = n 2 the magnitude of |Acx| for intensive intersubband 
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scattering is half as much as for isolated subband system. This difference by a factor of 
2 in zero field can be seen in Fig. |3|. In the case of the arbitrary level concentration ratio 
the quantum conductivity correction depends on the intersubband scattering intensity in 
complicated manner. 

Fig. |] demonstrates the high- field limit asymptotics of the conductivity correction (|3"3"[), 
— Aa(B) x 1\/Ib, as a function of level occupation ratio. The analysis of Eq. (|33| ) shows 
the averaging caused by intersubband scattering is complicated and even can change the 
functional dependence of Act on the level concentrations. It is demonstrated by the curves 
presented in Fig. |] and corresponded to different intersubband scatering rates. Specifically, 
in the absence of intersubband scattering (solid curve) the levels contribute to the conduc- 
tivity correction independently 

MB)K __^ (AW _ AW) g + g. (35) 

In the case of very intensive intersubband scattering (dotted curve) the high-field limit 
expression has the form 



e 2 1 

Aa(B) t 



x (a) h(h + h) 3 _ ,(6) / h h 

mi U ^ 



(36) 



7T 2 h2 

One can see the quantum corrections obtained with (|35| ) and (|36| ) at the same level concen- 
trations, rii — n 2i differs by a factor of 2 similarly to the zero field case. 

The dependences described in Figs. |}|4] are able to be traced in real quasi-2D struc- 
tures by variation of the excited subband population as it has been performed in other 
magnetotransport experiments (see e.g. Ref. pl|). 



IV. CONCLUSION 

The theory of weak localization has been developed for multilevel 2D systems in the 
whole range of classically weak magnetic fields. Both the diffusion approximation and high- 
field limit asymptotics have turned out to describe the magnetoconductivity behavior in 



13 



very narrow field ranges. For the first time the contribution to the conductivity from all of 
the self-crossed diagrams has been calculated. It has been shown that the weak-localization 
correction to conductivity depends strongly on the level concentration ratio and intersub- 
band scattering intensity. Specifically, at the comparable level occupations and the same 
relaxation times, the conductivity correction of the M-subband system decreases in M times 
when transiting from the isolated levels to the case of intensive intersubband scattering. The 
detailed calculations have been performed for the widely investigated system with two oc- 
cupied size-quantized levels. The results are presented in the form making allowance for 
comparison with experimental observations. 
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APPENDIX A: 



Let introduce the Fourier-images of the Green fuctions in zero magnetic field (H) 



fi a - h 2 k 2 /2m ± ih/2r a ± ih/2T% 



From ([14]) it follows that 



J<f>(p - p') = ^ £ k [G*(k) - G£(*)] exp [ik ■ (p - P ')] . 

k 

Using Eqs. (|T0|JA1| , |A^D we obtain the following expression for A<72 



e 2 h 

" ~'.f3"/5 kik2k3 



'G^{k 3 )Gf{k! + k 2 + fc 3 ) + G^(fe 8 )G^(fei + k 2 + fc 3 ) + G*(k 3 )Gf + fc 2 + fc 3 ) 



(Al) 



(A2) 



G^feO - GjCfc)] [G^fca) - GjCfca)] (A3) 
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It is clear this expression could be obtained calculating the diagrams in fc-space from the 
beginning. 

Neglecting the rapidly-oscillating terms G A G A and G R G R , we get 
e 2 h 



Airm 2 



otj3~f& 



^k-(k-q) \G A (k)G R (q - ft) + G R {k)G A {q - k)\ G A (k')G R (k' + q 



(A4) 



qkk' 



+ E * ■ *' [Gi{k)G*{q - k)G A {k')G R {q - k') + G R (k)G A (q - k)G R {k')G A {q - k') 

qkk' 

Note that both sums over qkk' converge and, hence, can be calculated separately. 

Taking into account that the sums over k containing the products G A {k)G R (q — k) are 
diagonal in subband indices (~ 8 a p) due to the conditions (0|f), we obtain 



Atro = 



d 2 q ^ r a Tfi 



J2 P a P a (q)Pp(q) - UpQMQp(q) 



Here 



rrh J (2tt)» ^ tJ, 



Qa(q) = 7T^~ E * cos (Vk - Vq) Gi(k)G R (k - q) 

2irJM F T a 



(AS) 



(A6) 



and v?k is the angular coordinate of the vector k. 

For the case of one occupied subband, the numerical calculation shows that only q <C kp 
give a contribution to the integral in (|A5|). In this range 



P(g) « P(q) 



1 + 



1 - P(q) 
ql 



and integration in (|A5|) yields 



A<7 2 



In 2 



(A7) 
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FIGURES 

FIG. 1. The diagrams contributing to anomalous magnetoresistance, a) - d), and similar to 
them, e). 

FIG. 2. The dependence of the conductivity correction, Act, on magnetic field at various 
intersubband scattering rates and different level occupations. 

FIG. 3. The dependence of the conductivity correction in zero field, Acr(O), on the subband 
concentration ratio at different intersubband scattering times, t\)t\i = (solid curve), ti/t 12 = 0.1 
(dashed curve), and t\/t\2 = 0.5 (dotted one). 

FIG. 4. The dependence of the high-field limit asymptotics of Act on the subband concentra- 
tion ratio at different intersubband scattering times, t\/t\2 = (solid curve), t\/t\z = 0.1 (dashed 
curve), and t\/t\2 = 0.5 (dotted one). 
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